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Martin Marietta Corporation, Orlando, Florida,  is 
conducting a s e r i e s  of environmental tests under Contract 
NAS811864 
Telescope Mount. These t e s t s  a r e  divided i n t o  two groups. 
This repor t  contains a descr ipt ion of the group 1 t e s t s  
and t h e i r  resu l t s .  The group 2 t e s t s  w i l l  be described 
i n  a l a t e r  report. 

on printed c i r c u i t  assemblies f o r  the Apollo 
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SUMMARY 

A new thermal cycling machine and t e s t  have been developed tha t  g rea t ly  
reduces the time required t o  t e s t  new designs of printed c i r c u i t  (PC) assem- 
b l i e s  f o r  res is tance to  so lder  j o i n t  cracking. 
i n g  leve l ,  the new t e s t  reduces the cycle time t o  approximately 2 percent 
of that required by e a r l i e r  tests, 

Based on a 5 percent crack- 

Figure 1 is a photograph of the machine. 

Table I is a concise presentation of the r e s u l t s  of a l l  Group I t e s t -  
ing. It gives a br ie f  descr ipt ion of  the solder j o in t  arrangements t h a t  
a r e  described f u l l y  l a t e r  i n  t h i s  report  along with the number of acceler-  
a ted  thermal cycles required t o  cause 10 percent of each type of arrange- 
ment t o  crack. 

The r e s u l t s  i l l u s t r a t e  the vas t  improvement afforded by the new tech- 
nique. 
t o r  kovar lead with a longer formed over sect ion withstood only 25 thermal 
cycles. However, the same type of component with a s o f t  rubber spacer, a 
copper tube le t  over the end of the lead, and heavier so lder  withstood 3800 
of the same thermal cycles, T e s t  cor re la t ion  data  ind ica tes  t ha t  these 3800 
accelerated cycles a r e  equal t o  10,500 one-hour air  cycles from -55 to  
+ l 2 5 O C .  There i s  l i t t l e  doubt these modified j o i n t s  w i l l  meet 12,000 cycles 
of the less severe, -10 t o  +55"C, Apollo Telescope Mount (ATM) environment. 

For example, the standard NPC 200-4 solder  j o i n t  on a TO-5 transis- 

Several individual modifications, such as adding s o f t  rubber pads to  
re lays  and t r ans i s to r s  and changes i n  solder  a l loys  and lead materials,  
afforded sig!nificant improvements i n  solder  j o in t  res i s tance  to  .racking, 
The t e s t  r e s u l t s  aGo - i n d i c a t e d t h e n e e d  f o r  modifications i n  r e s i s t o r  and 
capacitor solder  j o i n t s  t o  increase t h e i r  res i s tance  t o  cracking. 
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TABLE I 

Accelerated Thermal  Test  Summary 

Solder Joint Type 

Relay Pins, 0.030 in NI-FE, 0.093 in G10 Boards 
a) Standard Solder Joint, No Pad 
b) Standard Joint With Soft Rubber Pad 
c) No Pad, With Welded Flanged Tubelet 

a) Plated Through Holes, No Pads 
b) Plated Through Holes, Soft Rubber Pads 

a) Standard Joint 60/40 Solder 
b) Standard Joint 96/4 Solder 

Capacitors, Kidney Shape,. (DMlS), 
Standard Joint 

Leads Only, 0.017-0.019 in 

Relay Pins, 0.030 in NI-FE, 0.062 in G10 Boards 

Resistors,  1/ 10 Watt, Hermetically Sealed 

a) Formed Over 0.100 in-0.150 in 60/40, NI-FE 
b) Formed Over 0.100 in-0.150 in 60/40, Kovar 
c) Formed Over Plus  Tubelets, 60/40, Kovar 

a) Standard Except Formed Over 0.1-0.15 in, 60/40, Kovar 
b) Soft Rubber Pad, Formed 0.1-0.15 in, Tubelet, 60/40, 

Kovar 
c) Soft Rubber Pad, Straight-Squeezed, 96/4? Kovar 
d) Soft Rubber Pad, Flattened, Formed 0.1-0.15 in, 

60/40, Kovar 
e) Soft Rubber Pad, Grad Form 0.1-0.15 in, 60/40, Kovar 
f) Soft Rubber Pad, Flattened, Formed 0.1-0.15 in, 

g) Soft Pad, I'D" Loop, Tubelets, 60/40, Kovar 
h) Soft Pad, 'ID" Loop, Tubelets, 96/4, NI-FE 
i) Soft Pad, Tubelets, Formed 0.1-0.15 in, 96/4, NI-FE 
j) No Pad, Inverted, Formed 0.1-0.15 in, 60/40, Kovar 
k) No Pad, Inverted, Straight 1 / 1 6  in, 60/40, Kovar 

Transistors,  TO-5 Size, 0.017-0.019 in Diameter Leads 

96/4, NI-FE 

Number of Cycles 
to 10% Cracked 

400 
900 

3300 

3 50 
7 50 

600 
9 50 

800 

800 
700 

>3900 

25 
3800 

1900 
1100 

1000 
1700 

3300 
2 800 
3900 
3000 
1800 

NOTE: These cycles should be multiplied by three to equate to one hour air cycles, 
-55 to +125OC. Explanation of abbreviations: G10 boards - glass  reinforced 
epoxy boards. NI-FE is nickel-Iron leads; 60/40 - 60 percent tin/40 percent 
lead solder, 96/4 - 96 percent tin/4 percent si lver solder. 

*Accelerated test-use correlation factor ( -  100 to +200"F) 
- .  

X 



INTRODUCTION 

The goal  of 12,000 thermal cycles  for  the ATM g rea t ly  magnified the 
poss ib i l i t y  of a c r i t i c a l  solder cracking problem. 
therefore i n i t i a t e d  to: 

A study program w a s  

- 1 Develop an  accelerated method for tes t ing  PC designs 

- 2 Obtain cor re la t ion  data with e a r l i e r  solder t e s t ing  r e s u l t s  as 
w e l l  as the ATM environment 

2 Develop and t e s t  PC designs that promise t o  meet ATM requirements. 
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I. D E V E L O m T  OF A& ACCELERATED TEST 

A.  EVALUATION OF METHODS 

Earlier thermal  c y c l i n g  tes ts  r u n  a t  Mart in  Marietta on PC a s sembl i e s  
r e q u i r e d  t h a t  temperature  changes be made g r a d u a l l y  t o  avo id  thermal  shock. 
Approximately one hour w a s  needed fo r  a complete c y c l e  from -55 t o  + l25  t o  
-55°C. Data w a s  t aken  on many des igns ;  t h i s  in format ion  is g iven  i n  Martin 
Mar i e t t a  Report  OR 8813. 

The requi rements  f o r  a 12,000 thermal  c y c l e  g o a l  from -10' t o  +55"C on 
t h e  ATM Gyro Processor  prec luded  t h e  u s e f u l n e s s  of  such  a slow t e s t  t o  prove 
o u t  ATM designs.  Therefore ,  t h r e e  methods were eva lua ted .  F i r s t ,  a n  auto-  
matic, dua l  chamber, air b l a s t  thermal  c y c l i n g  machine w a s  monitored. It 
w a s  found t o  be u n s a t i s f a c t o r y  because i t  r e q u i r e d  8 t o  10 minutes  t o  
s a t u r a t e  the rma l ly  a normal s i z e  (5- by 5-incld PC board assembly that had 
been soaked a t  t h e  oppos i t e  temperature  extreme (-65 t o  + l 2 T o C ) .  
e v a l u a t i o n  showed t h a t  any a i r  cyc l ing  machine would be t o o  slow. 

Th i s  

Second, s m a l l  p a r t s  o f  PC assembl ies  (approximately two i n c h e s  square)  
were dipped i n  h o t  o i l  a t  3OO'F and l i q u i d  n i t r o g e n  a t  -320'F. 
t h e  s o l d e r  j o i n t s  wi ths tood  t h e s e  thermal shocks arld, a f t e r  s e v e r a l  dozen 
c y c l e s ,  began developing t h e  same type of so lder  j o i n t  d e t e r i o r a t i o n  and 
cracking  t h a t  had been observed p rev ious ly  on g radua l  a i r  cyc l ing .  
t he  h o t  o i l  began s o f t e n i n g  t h e  conformal c o a t i n g ,  was messy t o  haxdle ,  and 
was d i f f i c u l t  t o  i n s p e c t  a c c u r a t e l y .  

S u r p r i s i n g l y ,  

However, 

Th i rd ,  similar p a r t s  were a l t e r n a t e l y  dipped i n  b o i l i n g  water  and 
i s o p r o p y l  a l c o h o l  cooled  by d ry  i c e  chunks. 
c o n s t a n t  tempera tures  and d i d  n o t  a f f e c t  t he  PC assembl ies ,  Tk.e u s u a l  t ypes  
of  d e t e r i o r a t i o n  and c rack ing  of t he  s o l d e r  j o i n t s  developed a f t e r  a few 
sco re  cyc le s .  
10 seconds. 

These materials maintained 

The small E assembl ies  changed temperature  i n  approximately 
Larger  a s sembl i e s  r e q u i r e d  20 t o  30 seconds.  

B . TEST EC,UIPMKN T 

An automated c y c l i n g  machine was b u i l t  t h a t  would hold  s i x t e e n  5- by 
!?-inch PC assembl ies  (F igure  1). 
assembl ies  on each o f  four  a r m s ,  d i p p i r g  them a l t e r n a t e l y  i n t o  a tank of 
b o i l i n g  water and a tank  of  i s o p r o p y l  a l c o h o l  cooled  wi th  dry  i c e .  Each 
group of boards are i n  each  tank 45 seconds;  t hey  then d r a i n  15 seconds 
be fo re  e n t e r i n g  t h e  nex t  tank. 

Th i s  machine r o t a t e s  groups  of four  

h e  t o  t h e  urgency of  t h e  requirement  f o r  thermal  c y c l i n g  data f o r  
o t h e r  tempera tures ,  ano the r  machine was b u i l t  t h a t  would a u t o m a t i c a l l y  
c y c l e  four  PC a s sembl i e s  on each of  two a r m s  from one tank  t o  ano the r  
(F igu re  2). One arm moves between one tank of b o i l i n g  water and one t snk  
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of water a t  room temperature. 
isopropyl alcohol cooled with dry i c e  and one tank of water a t  room temper- 
a ture .  
seconds and t ransfer  i n  8 seconds. 

The second a r m  moves between one tank of 

The cycle is adjustable ,  but w a s  se t  t o  dwell i n  each tank 45 
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11. TESTS 

A. TEMPERATURE CORRELATION TESTS 

1. Purpose. 

Temperature cor re la t ion  tests were conducted t o  prove the va l id i ty  of 
the methods and test equipment described i n  Section I f o r  the ATPI pr inted 
c i r c u i t  assemblies. 

2. Test Specimens. 

S ix  iden t i ca l  PC assemblies were constructed i n  the white room by a 
qual i f ied  solderer. Each assembly consisted of nine TO-5 t rans is tors ;  each 
t r a n s i s t o r  had three gold plated kovar leads and were mounted on a 0.078 
inch d i a l l y l  phthalate (DAP) transipad. 
0.100 inch diameter copper pads between 0,050 and 0.100 inch and soldered 
with 60 percent t i n  k, percent lead so lder  i n  accordance with NPC-200-4. 
The component s ide  only was spray coated 0.008 inch th ick  with polyurethane 
PC-22 material, 
boards and numbered one through six. 

The leads were formed over the 

These assemblies were designated as temperature cor re la t ion  

3 .  Test Procedure and Results 

Boards one and two were thermally cycled on one of the ams through 
the tanks containing room temperature and boi l ing water. Boards three and 
fou r  were thermally cycled on the o ther  a m  through tanks with water at 
room temperature and alcohol at -75°C. Boards TL-- five and s i x  were placed on 
the ro t a t ing  machine and cycled from -75 C t o  +lOO°C. 
l a t i o n  t e s t  r e s u l t s  art tabulated i n  Tables 11, 111, I V ,  and V. 

The temperature corre- 

Figure 3 shows the  data from the above temperature correlat ion tests 
along with the r e s u l t s  f o r  the e a r l i e r  a i r  cycling t e s t s  on similar PC assem- 
b l ies .  

Table V gives a quick review of the  data i n  the low percentage of sol-  
der  j o i n t  cracking area, which is o€ prime concern. A t  the  5 percent l eve l ,  
the  ro ta ry  accelerated test  giving a -75OC t o  a +lOO°C excursion not only 
requi res  2 minutes ins tead  of 1 hour per cycle,  but is four times as severe. 
Thus, the new method requires  less than 1 percent of the t i m e  t o  develop the  
same de ter iora t ion  as did the  e a r l i e r  a i r  cycling method. 
i n  Table V are at the  10 percent l e v e l  and were obtained from tests on the 
ro ta ry  accelerated t e s t i n g  machine. These values therefore  must be multi- 
p l ied  t o  equate them with the air cycling values; t he  multiplying fac tors  
are grea te r  f o r  equating these values t o  the number of a c t u a l  environmental 
cycles  the equipment w i l l  withstand. 

The va lues  given 
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TABLE I1 

Accelerated Automated Solder Test  Results for  Specimens 
T C - 1  and TC-2 - Temperature Correlation* 

Inspected at 
Number of 

Cycles 

20 

40 

60 

80  

100 

120 

140 

160 

180 

200 

220 

270 

320 

TC-1  
+25"C, +lOO"C 

Number of Cracks 

0 

1 

3 

5 

7 

8 

9 

9 

10 

15  

15 

15  

15 

*Two a r m  liquid dip machine. 

TC-2  
+25"C, +lOO"C 

Number of Cracks 

0 

0 

0 

0 

1 

1 

4 

7 

11 

1 2  

15 

15  

15 

Percent 
of Joints 
Cracked 

(Total 54) 

0 

1.85 

5.5 

9.3 

14.9 

16.8 

24.0 

28.6 

39.0 

50.0 

55.8 

55.8 

55.8 

Note: Each temperature correlation board had 27 solder joints. 
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TABLE 111 

Accelerated Automated Solder Test Results for Specimens 
TC-3 and TC-4 - Temperature Correlation* 

Inspected at 
Number of 

Cycles 

20 

40  

50 

70 

90 

110 

130 

150 

160 

180 

200 

250 

TC-3 
+25"C to -75°C 

Number of Cracks 
(27  Joints) 

0 

0 .  

1 

2 

4 

5 

6 

6 

7 

8 

8 

8 

TC-4 
f25"C to -75°C 

Number of Cracks 
(27 Joints) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Percent 
of Joints 
Cracked 

(Total 54) 

0 

0 

1.85 

3.7 

7.4 

9.3 

11.1 

11.1 

13 .O 

14.9 

16.8 

16.8 

*TWO arm liquid dip machine. 



TABLE IV 

Inspected a t  
Number  of 

Cycles  

20 

4 0  

6 1  

8 1  

1 0 1  

154 

201  

251  

3 12 

450 

566 

766 

884 

9 84 

Accelera ted  Automated Solder T e s t  Resul t s  for Specimens 
TC-5  and TC-6 - Tempera tu re  Correlat ion* 

Tempera tu re  Corre la t ion  Boards  

P e r c e n t  
Standard Standard Cracked 

TC-5 TC-6  

Number  of Cracks  Number of Cracks  (Total  54) 

0 4 7.4 

5 6 2 0.4 

13 10 42.5 

14 13 50.0 

14  1 8  59.0 

14  22 64.4 

14  24 70.0 

20  25 83 .O 

20 26 85.0 

20  26 85.0 

20  26 85.0 

20  26 85.0 

20  26 85.0 

Di scont inued Discontinued Disc ont inue d 



TABLE V 

T e m p e r a t u r e  Cor re l a t ion  Data  

Cycle  Data  

1) Ai r  Cycle ,  45 minu tes  to 1 hour ,  
-55 to +125"C 

2 )  Water-Alcohol,  2 minutes ,  
-75°C to +lOO"C 

3 )  Water -Water ,  2 minutes ,  
+25'C to  +lOO"C 

4)  Water  -Alcohol, 2 minutes ,  
+25"C to -75°C 

P e r c e n t  - 
5 

60 
- 

15 

62 

75 

- 

10 

69 

25 

83 

125 

f C r a c k s  

15 

88 

32 

108 

181 

20 

110 

3 8  

130 

- 

Cyc les  

Cycles  

Cycles  

Cyc le s  
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B o  SOLDER JOINT DESIGN TESTS 

1, Purpose 

The solder  j o i n t  design t e s t s  described i n  t h i s  sect ion were conducted 
t o  evaluate the comparative advantages of a selected group of so lder  j o i n t  
arrangements and materials. 

2. Test Specimens 

Twenty solder  j o i n t  arrangements were constructed under white room 
conditions by qual i f ied  personnel. 
i den t i ca l  with those used on the control  signal processor w e r e  followed, 
including inspections,  except where deviations a r e  spec i f i ca l ly  s ta ted.  
A l l  completed PC assemblies were inspected and then spray coated with 0.006 
t o  0.008 inch of polyurethane PC-22 conformal coating on the component s ide 
only. 
A l l  of these assemblies were inspected during construction and throughout 
the t e s t ing  by a qual i f ied  inspector  accustomed to  NASA qua l i ty  require- 
ments and familiar with the' so lder  cracking problem. 

Normal NASA conditions and procedures 

However, the coat ing did not  cure properly on the s o f t  rubber spacers. 

All the PC assembly boards were laminated woven f iberg lass  impregnated 
with epoxy resins .  
on page 131, were nominally 1/16 inch thick and approximately 5 inches by 
5 inches. 
material. 

All PC boards, except fo r  the re lay  assemblies (described 

The relay assemblies were on 3/32 inch thick boards of  the same 

The following solder  j o i n t  arrangements were placed on the PC boards: 

- 1 PC Board LlOO ( f ive  designs) 

- a Nine TO-5 t r ans i s to r s ,  each having three gold-plated kovar 
leads 0.016 to  0.019 inch i n  diameter were soldered i n t o  
the PC board. A s o f t  neoprene, 40 shore A hardness, 1/16 
inch thick spacer w a s  placed between the PC board and the 
t r ans i s to r  body. 
and a copper tube le t  sl ipped over the lead and bonded with 
60/40 solder  (60 percent t i n  and 40 percent lead) ,  

Each lead w a s  formed over 0.1 to  0.15 inch 

- b Nine TO-5 t r ans i s to r s ,  each having three gold-plated nickel- 
i ron  leads 0.016 to  0.019 inch i n  diameter were soldered 
onto the PC board. 
tube le t s  used f o r  EL, above, were used i n  t h i s  assembly. 
A 96 percent ti& percent s i l v e r  solder  w a s  used. 

- c Three kidney shaped s i lvered  mica capaci tors  (DM 19 type) 
were i n s t a l l e d  upright on the PC board. 
formed over and bonded with a heavy 60/40 solder. 

The same type neoprene spacers and 

W 

Each lead w a s  
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- d Fif teen one-tenth w a t t ,  hermetically sealed glass r e s i s t o r s  

Standard 
were in s t a l l ed  i n  accordance with NPC 200-4, except t ha t  a 
heavier than specif ied solder  j o i n t  w a s  prepared. 
60/40 solder  w a s  used. 

- e Twenty-seven 0.016 t o  0.019 inch diameter nickel-iron leads 
were i n s t a l l e d  through the PC board. They extended out the 
component s ide  approximately 1/8 inch and were formed over 
the c i r c u i t  pad 0.1 t o  0.15 inch. 
the pad with a heavy f i l l e t  of 

Each lead w a s  soldered t o  
solder, 

- 2 PC Board L l O l  ( f o u r  designs) 

a Nine TO-5 t rans is tors ,  each having three gold-plated kovar 
leads,  were i n s t a l l e d  with s o f t  neoprene transipads. Each - \  

' \ l e a d  w a s  brought through its hole and formed i n t o  a ve r t i ca l  
' loop approximately 1/16 inch i n  diameter with the end almost 

The 60/40 touching the lead where i t  came through the hole. 
solder  w a s  applied i n  a heavy f i l l e t  around the end of  the lead 
and where it came through the hole, but the upper loop w a s  l e f t  
open. The lead and circuit pad were tinned using flux; however, 
the f i n a l  soldering was done with so l id  60/40 solder. 
j o i n t  i s  defined as a "modified D loop.'' 

T h i s  

Nine TO-5 t r ans i s  tors ,  each having three gold-plated nickel- 
i ron  leads, were in s t a l l ed  with s o f t  neoprene transipads. Each 
lead w a s  formed in to  a modified D loop, and the jo in t s  were 
made with 96 percent t in/4 percent s i l v e r  solder. 

Fif teen one-tenth w a t t ,  hermetically sealed glass r e s i s t o r s  
were i n s t a l l e d  i n  accordance with NPC 200-4, except that  a 
heavier than specif ied solder  j o i n t  w a s  prepared using 96 
percent t in/  4 percent s i l v e r  solder, 

Twenty-seven gold-plated 0.016 t o  0,019 inch diameter kovar 
leads were in s t a l l ed  through the PC board. They extended out 
the component s ide approximately 1/8 inch and were formed over 
the c i r c u i t  pad 0.1 t o  0.15 inch, 
the pad with a heavy f i l l e t  of 60/@ solder. 

Board L102 (three designs) 

Each lead w a s  soldered t o  

Nine TO-5 t rans is tors ,  each having three gold-plated kovar 
leads, were i n s t a l l e d  with s o f t  neoprene spacers. The leads 
were brought through the PC board and formed over 0.1 to  0.15 
inch, 
the end of the lead touched the pad with a s l i g h t  pressure and 
the lead did not form t igh t ly  across the edge of the hole. After 
the lead and pad were tinned and wicked of f ,  a heavy j o i n t  w a s  
made with s o l i d  core 60/b solder  without flux. 

However, the lead w a s  formed over a small wire such tha t  

12 



- b Nine TO-5 t rans is tors ,  each having three gold-plated kovar 
leads were i n s t a l l e d  through the PC board. 
over the component s ide  approximately 1/8 inch and were formed 
over 0.1 to 0.15 inch with tube le t s  i n s t a l l e d  over t h e i r  ends. 
After tinning, a heavy j o in t  of so l id  60/@ solder  w a s  prepared. 

They extended out 

- c Twenty-seven 0.016 t o  O.Ol9 inch diameter, gold-plated kovar 
leads were i n s t a l l e d  through the PC board. 
t he  component s ide  approximately 1/8 inch and were formed over 
0.1 t o  0.15 inch with tube le t s  i n s t a l l e d  over t h e i r  ends. After 
t inning, a heavy jo in t  of s o l i d  60/h solder  w a s  prepared. 

They extended out 

- 4 PC Board LlO3 ( three designs) 

- a Nine TO-5 t r ans i s to r s ,  each having three gold-plated nickel- 
i r o n  leads,  were i n s t a l l e d  with s o f t  neoprene spacers. The 
leads were brought through the PC board and formed over 0.1 
t o  0.15 inch. However, the lead  was formed over a small 
w i r e  such tha t  the end of the l ead  touched the pad with a 
s l i g h t  pressure and the lead did not form t i g h t l y  across the 
edge of the hole. After the lead  and pad were tinned and 
wicked o f f ,  a heavy.joint of 96 percent tin/'+ percent s i l ve r  
w a s  made. 

- b Nine 'ID-5 t r ans i s to r s ,  each having three gold-plated kovax 
leads,  were i n s t a l l e d  wi th  s o f t  neoprene spacers. 
were brought through the PC board 1/32 inch, squeezed f l a t ,  
cu t  o€f,  and soldered with a heavy f i l l e t  of 96 percent tin/4 
percent s i l v e r  solder. 

The leads 

- c Three kidney-shaped s i lvered  mica capacitors (DM 19 type) 
were i n s t a l l e d  upright on the PC board. 
over and a heavy f i l l e t  of 60/40 solder applied. 

Each lead w a s  formed 

The re lay  boards were prepared i n  the  following manner: 

Relay Board RB 1. Five one-half s i z e  c r y s t a l  case relays,  each 
having e ight  0.030 inch s t r a i g h t  t inned nickel-iron pins ,  were 
ins ta l led .  
solder i n  accordance with NPC 200-4. 

Each pin w a s  soldered with heavy f i l l e t  of 60/40 

Relay Board RB 2. 
having eight  0.030 inch s t r a i g h t  t inned nickel-iron pins ,  were 
i n s t a l l e d  with 1/32 inch s o f t  rubber spacers, 40 shore A hardness, 
between the r e l ay  and the  board. Each p in  w a s  soldered with a 
heavy f i l l e t  of 60/40 solder i n  accordance with NPC 200-4. 

Relay Board RB 3.  
having e ight  0.030 inch s t r a igh t  t inned nickel-iron pins,  were 
in s t a l l ed ,  
crimped, and res i s tance  welded with the flange next t o  the c i r c u i t  
pad. 
c i r c u i t  pad with 60/40 solder. 

Five one-half s i z e  c r y s t a l  case relays,  each 

Five one-half s i z e  c r y s t a l  case re lays ,  each 

A copper, flanged tube le t  was sl ipped over each pin,  

Each p in  w a s  then soldered t o  the flanged tubelet  and the 



Six  types of ATM PC boards were a l s o  tested.  They were prepared i n  
the following manner: 

1 - Boards 1 and 2. 
leads were i n s t a l l e d  over 1/8 inch high, w h i t e ,  footed, poly- 
propylene spacers. Each lead  w a s  formed over and soldered i n  
accordance with NPC 200-4, except t h a t  a heavier 60/40 solder 
j o i n t  w a s  used. 
0.030 inch diameter, tinned, nickel-iron pins  w a s  a l s o  i n s t a l l e d  
on each board with a 1/32 inch thick s o f t  s i l i cone  rubber spacer; 
the spacer had a 40 shore A hardness. 
accordance with NPC 200-4 with a heavy f i l l e t  of 60/40 solder. 

Five TO-5 t r ans i s to r s  having gold-plated kovar 

One f l a t  c r y s t a l  case r e l ay  with 10 s t r a igh t ,  

Each pin w a s  soldered i n  

- 2 Boards 3 and 6. 
leads were i n s t a l l e d  over 1/32 inch thick s o f t  s i l i cone  rubber, 
40 shore A hardness, spacers,  
soldered i n  accordance with NPC 200-4 procedures, except t ha t  a 
heavier 60/40 solder j o i n t  w a s  made. 
with 10 s t r a i g h t ,  0.030 inch diameter, tinned, nickel-iron pins  
w a s  a l s o  i n s t a l l e d  on each board with a 1/32 inch thick s o f t  sili- 
cone rubber spacer; the spacer had a 40 shore A hardness. Each 
p in  w a s  soldered t o  the board i n  accordance with NPC 200-4 with a 
heavy f i l l e t  of 60/40 solder. 

Five TO-5 t r ans i s to r s  with gold-plated kovar 

Each lead w a s  formed over and 

One f l a t  c rys t a l  case r e l ay  

2 Boards 4 and 5 (designated GM-1 and GM-2) 

- a Six  TO-5 t r ans i s to r s  with gold-plated kovar leads were 
i n s t a l l e d  on 0.078 inch tall, d i a l l y l  phthalate spacers. 
The leads were formed over and soldered i n  accordance 
with N E  200-4,. 

- b Six  TO-5 t r ans i s to r s  with gold-plated kovar leads were 
i n s t a l l e d  i n  an inverted posi t ion with the top of the 
case aga ins t  the PC board and the leads formed over 
( p a r a l l e l  t o  the s ides  of the case) and through the 
holes i n  the PC board. Each lead w a s  soldered i n  
accordance with NPC 200-4. 

- c Six 50-5 t r ans i s to r s  with gold-plated kovar leads were 
i n s t a l l e d  i n  an inverted posi t ion with the top of the 
case aga ins t  the PC board and the leads formed over 
( p a r a l l e l  t o  the s ides  of the case) and through holes 
i n  the PC board. 
above the board and soldered t o  the c i r c u i t  pad with 
60/40 solder. 

The leads were cu t  off  1/32 inch 

3. T e s t  Procedures and Results 

a. Procedures 
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Each specimen w a s  cl ipped by two a l l i g a t o r  c l i p s  onto a r m s  of 
of the ro t a ry  thermal cycLing machine and run fo r  20 cycles; each cycle 
consisted of 45 seconds i n  each tank and 1 5  seconds of dra in  and transfer 
time. One tank contained boiling water and the other tank contained iso- 
propyl alcohol cooled w i t h  chunks of dry ice. 

The PC assemblies were removed and the solder  j o i n t s  inspected for  
cracks under magnifications up t o  30 power a f t e r  each 20 cycles fo r  the 
f i r s t  100 cycles. 

'by  other conditions a f t e r  a pa t t e rn  w a s  established. 
c r i t e r i o n  w a s  a v i s i b l e  crack i n  the solder. 
w a s  noted and the loca t ion  and type of cracking i n  unusual cases. 
typ ica l  solder  j o i n t s  were sectioned and microphotograplied. 

The number of cycles between inspections w a s  regulated 
The inspection 

The sever i ty  of the cracking 
A f e w  

b. Results 

The tes t  r e s u l t s  a r e  presented i n  t-abular form i n  Tables V I  through 
Each tab le  references the board number and has a br ie f  I X  and on Figure 3. 

description of the j o i n t  type that can be i d e n t i f i e d  fur ther  i n  the des- 
c r ip t ion  section. 

Selected typ ica l  j o i n t s  were sectioned and photomicrographed t o  
show the extent,of cracking and cracking pa t te rns  i n  various types of 
solder jo in ts .  

Photomicrographs A ,  B, and C i n  Figure 4 a r e  typ ica l  of solder 
j o i n t s  with 60/40 solder and a nickel-iron lead a f t e r  only 3936 thermal 
cycles from -10O0F t o  +MO°F. Note i n  "A" how the solder has developed 
a lumpy appearance. 
and rlBfr a r e  a t  50 power magnification. The view of rrC'f is a t  500 power 
magnification at the  point  i n  "B" shown by the  arrow. 
a good bond 'between the solder and the lead. 

Photograph lVByr i s  a view of a fur ther  cu t ;  both "A" 

Note that there  is 

Figure 5 contains photomicrographs of a r e l ay  pin with a crimped, 
welded, flanged tube le t  sectioned a t  two areas  t o  show the extent of the 
cracking recorded a f t e r  3936 thermal cycles on the accelerated tes t  
machine. 
arrow is magnified 50 times; '!B" is a 500 t i m e  magnification of the 
cracked area  i l l u s t r a t e d  by the arrow i n  I t A r t .  Photograph "C" shows a 
lower cross-section of the same re l ay  pin; the arrow shows the a rea  near 
the end of the v i s ib l e  crack shown i n  "A". Rote the void between tubelet  
and lead  indicated by the large dark area. The trDrl area  is that shown by 
the arrow . in  'V magnified 500 times; i t  shows that the crack d i d  not 
continue down the tubelet .  Actually, the crack is supe r f i c i a l  and does 
no r e a l  harm, although i t  is a typica l  type of cracking on the crimped, 
welded, flanged tube le t  on r e l ay  pins. 

Figure 6 shows photomicrographs of a r e l ay  pin with a crimped, 

The rrA" cross-section a t  the point of ex ter ior  crack shown by 

welded, flanged tube le t  sectioned lengthwise a t  two areas  t o  i l l u s t r a t e  
the second typica l  type of cracking tha t  occurs during 3936 thermal cycles 
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TABLE VI1 

Accelerated Automated Solder Test Results for  
Relay Board Specimens (Test Number lA)* 

Inspected 
at Number of 

Cycles 

20 
40  
61  
81 

101 
154 
201 
251 
3 1 2  
450 
566 
766 
8 84 
9 84 

1120 
1238 
1438 
2 094 
3334 
3936 

No. 1 
Rubber Pads 

Number of Cracks 

0 
0 
0 
0 
0 
0 
0 
0 -  
0 
0 
0 
0 
0 

2s 
11s 
25s  

34S+6M 
Discontinued 

- 
- 

Relays on Boards 

No. 2 
Standard 

Number of Cracks 

0 
0 
0 
0 
0 
0 
0 
0 
0 
8s 
8s 

8S+2 M 
8S+4M 
8S+6M 

15S+6M 
2 1S+6M 
28S+12M 

Discontinued - 
- 

Severity of cracking code: 

M - Minor crack on less than 1 / 3  of joint 
S - Serious crack on 1 / 3  to 2 / 3  of joint 
C - Critical cracking affecting over 213 of joint 

* -75°C to +lOO"C 
TCrimped, welded, flanged tubelet 

Note: Each relay board had 40 solder joints 

No. 3 
Eyelets T 

Number of Cracks 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4M 
4M 
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A 
Magnif3ed image copied at 85 
percent 

3 
Magnified image copied at 90 
percent 

c 
Magnified Wage copied at 85 
percent 

Figure 4, Q p L c a l  J o h t  with @/4Q Solder and Kfckel-Iron 
Lead after 3936 Cycles- Erom -1UOOF Lo i-200'3' 

ZG 



A 
Magnified image copied a t  same s i z e  Magnified image B copied a t  

67 percent 

C 
Magnified image copied a t  85 percent 

D 
Magnified image copied a t  85 percent 

Figure 5.  Cross-Section of Solder J o i n t  with Relay Pin and 
Copper Tubelet a f t e r  3936 Cycles from -100'F t o  +200°F 
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A 
Magnified image copied a t  87 percent 

B 
Magnified image copied at 
77 percent 

C 
Magnified image copied a t  same s i z e  

D 
MagniTied image copied a t  
same s i z e  

Figure 6. Lengthwise Section of Solder Jo in t  with Relay Fin  and 
Copper Tubelet a f t e r  3936 Cycles from -100'F t o  +200°F 
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on the accelerated tes t ing machine. Note tha t  the cracking is  very local-  
i eed  and super f ic ia l .  
araek i n  the solder  i n  the hole sect ion of  the PC board a t  50 times magni- 
f ica t ion .  
tube le t ,  and solder.  Note t h a t  the arrow at the  end of the pin shows a 
crack t h a t  occurred where the pin w a s  clipped off .  
n i f i e d  (500 times): view of the bond between the  re lay  pin and the  solder  
showing t h a t  a good metal lurgical  bond existed.  Photograph "D1' is a 500 
times magnification t h a t  shows the extent of the local ized cracking where 
the  r e l ay  pin was clipped o f f ;  

Photograph rfA1l shows only the tubhlet ;  note the 

Photograph rtBtl shows the cen t r a l  cross-section of the re lay  pin,  

Photograph *C" is a mag- 

t h i s  is a typica l  crack. 

Figure 7 cons is t s  of photomicrographs of a t r ans i s to r  lead  with a 
tube le t  sectioned a t  several  places. Photograph "A" shows a sec t icn  
between the hole and the end of the tubelet .  Note the voids i n  the solder.  
V i sua l  examination a t  arrow and other a reas  indicated a good bond between 
the solder ,  the lead ,  and the pad (50 times magnification a f t e r  3936 
thermal cycles). F'hotograph lrBr' a t  100 times magnification shows the cu t  
across  the tube le t ,  lead,  c i r c u i t  pad, and connecting solder.  Voids e x i s t  
between the tube le t  and lead  on one side.  Photograph rlC1r is a view a t  
250 times magnification of the s ide  containing some of the voids. Note 
the good bond between the solder at the pad and between the solder and 
both the tube le t  and the lead. 
magnification of a port ion of the area i n  rtCr',  
shows pos i t ive ly  the good bond between the solder and both the lead and 
the tubelet .  

Photograph "9" is a v i e w  a t  500 times 
This photograph again 
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- -  

A 
Magnified image copied at 
85 percent 

B 
Magnified image copied a t  
85 percent 

C 
Magnified image copied a t  
85 percent 

D 
Magnified image copied at 
85 percent 

Figure 7. Transistor Lead with Tubelet Sectioned 
t o  Show Bonding 
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III. CQNCLUSIONS 

The following conclusions were derived from the accelerated t e s t  
r e s u l t s  : 

The accelerated test  reduces the evaluation time required for 
PC assemblies t o  l e s s  than two percent of e a r l i e r  air thermal 
cycling test  procedures. 

The addi t ion of a s o f t  rubber pad between the component and 
the PC board subs tan t ia l ly  reduces solder  j o i n t  cracking. 

The addi t ion of a copper tube le t  over the end of the t rans-  
i s t o r  lead i n  the solder j o i n t  subs tan t ia l ly  increases 
res is tance t o  cracking. It is the most e f fec t ive  modification 
tested.  

The addi t ion of a crimped, welded, flanged, tubelet  t o  the 
r e l ay  pin i n  the solder j o i n t  subs tan t ia l ly  increases r e s i s t -  
ance t o  cracking and is the most e f fec t ive  modification 
tested. 

There is a de f in i t e  need t o  improve the solder j o i n t s  of r e s i s t o r s  
and capacitors i n  order t o  meet ATM requirements. 

During the t i m e  required t o  complete t h i s  analysis ,  evaluation, and 

The following preliminary r e s u l t s  can be s ta ted:  
report  preparation, a considerable amount of addi t ional  solder j o i n t  t e s t -  
ing has been performed. 

- 1 None of the four new solder a l loys  tes ted  proved substant- 
i a l l y  be t t e r  than 60 percent tin/40 percent lead. 

- 2 The t e s t s  confirmed the super ior i ty  of the tubelet ,  s o f t  
rubber pad, t h i n  spray coating of PC-22 conformal coating, 
and heavier solder on the jo in t .  

1 The t e s t s  showed tha t  a flanged I_._--- tubelet  s l ipped on the re lay  
pin and soldered i s  more r e s i s t a n t  t o  so lder  j o in t  cracking. 
than a crimped, welded flanged tubelet .  

The report  on this new tes t ing  should be avai lable  i n  February 1968. 



I V .  RECOMMENDATIONS 

The following recommendations a r e  presented: 

Additional solder  a l loys  should be t e s t ed  and combinations 
of promising modifications should be b u i l t  and tes ted.  

Modifications of solder  j o i n t s  for r e s i s t o r s  and capaci tors  
should be t e s t ed  and evaluated. 

Production ATM assemblies should be thermally cycled over 
the ATM l i m i t s  with the accelerated t e s t ing  machine t o  
evaluate the effect iveness  of implementing f i n a l  designs. 

Standard solder  j o i n t  assemblies should Se thermally 
cycled over the a c t u a l  ATM temperature p r o f i l e  t o  give 
temperature cor re la t ion  data with the accelerated tes t ing  
already performed. 

The major improvements outlined i n  the conclusions should 
be incorporated i n  the ATM assemblies t o  enable them t o  
meet the spec i f ied  environmental goal. 
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